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INTRODUCTION 
O n  first consideration, the diagnosis of infective 
endocarditis seems straightforward: if a patient has a 
positive blood culture and a cardiac valvular lesion, then 
he or she probably has endocarditis. However, this is 
not enough to prove the diagnosis [l-41. Many 
suspected cases remain ‘possible’, ‘probable’, or ‘un- 
proven’. There are several reasons for this. First, the 
primary lesion, the valvular vegetation, is inaccessible 
to direct visualization. Second, the disease can be 
caused by a wide range of different species of micro- 
organism, which may cause different syndromes. Third, 
infective endocarditis has many possible clinical 
presentations and therefore can mimic many other 
diseases. Thus, it is often difficult to make the diagnosis 
with certainty in clinical practice. Careful analysis of 
the history, physical examination and echocardio- 
grdphic and laboratory findings is needed to avoid 
misdiagnosis, overdiagnosis or underdiagnosis of 
endocarditis. 
The approach to diagnosis of endocarditis falls into 
two phases: 
1. Initial assessment and therapy. 
2. Definitive diagnosis and therapy. 
Here we discuss the main issues that must be 
considered in each of these phases. 
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INITIAL ASSESSMENT AND THERAPY 
Once the diagnosis of infective endocarditis is sus- 
pected, diagnostic assessment should begin promptly. 
This should include a full history and physical 
examination, seeking the classical antecedents and 
diverse manifestations of endocarditis, all of which have 
been well described in many previous publications. 
Three blood cultures should be drawn, preferably with 
at least 1 h between the first and last of these [3,5-7]. 
Echocardiography should be performed as soon as 
practicable, and interpreted by an experienced 
cardiologist [8-121. Meanwhile, an early decision must 
be made as to whether or not to give immediate 
empirical antibiotic therapy. In order to make the 
correct decision, the central issue is to determine 
whether the patient has an acute, indeterminate or 
subacute endocarditis syndrome (Figure 1). This distinc- 
tion is important because acute endocarditis requires 
immediate treatment, while treatment for subacute 
endocarditis can be delayed for 24-48 h while blood 
cultures and further investigations are performed and 
other possible diagnoses are considered. Treatment 
must be given immediately for the acute endocarditis 
syndrome because the etiologic bacterium is likely to 
be a primary pathogen such as Staphylococcus aureus. 
Such organisms are capable of causing shock, metastatic 
infections, or rapid destruction of cardiac values. Any 
of these complications can develop over a short period, 
and obviously should be prevented if possible. 
In contrast, although subacute endocarditis is also 
a serious disease, treatment can be delayed for a short 
period because the etiologic organisms are usually 
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commensals of low virulence which are unlikely to 
cause septicemia and shock. Severe complications can 
occur in subacute disease just as in acute endocarditis, 
but the administration of antibiotics cannot imniedi- 
ately stop the occurrence of complications. For 
example, administration of antibiotics in subacute 
disease eventually reduces the risk of embolization, but 
takes 1-3 weeks to do so [13]. Thus, an infection which 
has been present for 4-12 weeks and which requires a 
further 2-4 weeks for cure does not need to be treated 
as an emergency. 
What significant benefit would be gained by delay 
in initiation of therapy in subacute syndromes? Why 
not give empirical antibiotics first, and then reconsider 
the treatment plan later? For acute endocarditis this 
approach is recommended, because the risks incurred 
by delaying treatment are too high. For subacute 
disease, time pressure is less critical; significant benefits 
may be realized by delaying treatment. First, if the 
patient does have endocarditis, blood cultures will often 
yield bacterial growth within 24-48 h, in which case 
the Gram stain can guide the choice of initial antibiotic 
therapy, even before identification of the species. If 
initial blood cultures prove negative, further cultures 
can be taken; the likelihood of detecting the etiologic 
organism in these subsequent blood cultures would 
be greatly reduced if empirical antibiotic treatment 
had been started. Furthermore, many patients being 
evaluated for possible endocarditis have already received 
some antibiotic therapy, sufficient to suppress the 
bacteremia but insufficient to cure the endocardial 
infection itself. Delaying antibiotic therapy will allow 
bacteremia to recur in some of these patients. However, 
treatment for suspected but unproven subacute 
infective endocarditis should not be delayed for more 
than about 48 h, because if the patient does have 
endocarditis, antibiotic therapy will reduce the risk of 
emboli within 7-14 days [13]. 
Clinical features which help to distinguish between 
acute and subacute endocarditis are summarized in 
Table I .  In some cases this distinction is straightforward. 
I f a  patient comes to hospital with a severe febrile illness 
of short duration, new aortic or mitral regurgitation 
and associated ernbolic or metastatic infective lesions, 
acute infective endocarditis is likely. Conversely, a non- 
specific illness lasting for several weeks or months with 
fever, heart murmur and laboratory tests indicating 
anemia, raised sedimentation rate and positive 
rheumatoid factor is obviously consistent with subacute 
endocarditis. Some features which are useful in 
diagnosis of endocarditis but not in the distinction 
between acute and subacute endocarditis, because they 
may occur in either, are: heart murmur, a new murmur, 
a changing murmur, splinter hemorrhages, systemic 
enibolization, strokes, mycotic aneurysms, cutaneous 
or conjunctival petechiae, Janeway lesions, positive C- 
reactive protein, and circulating immune complexes. 
While most cases fall into one of these two 
categories, a few cases have manifestations which fall 
between these typical extremes and can only be 
described as 'indeterminate'. This subgroup should be 
treated as If they have acute endocarditis, by giving 
empirical antibiotics immediately after blood cultures 
have been taken (Figure 1). 
Table 1 Differentiation between acute and subacute endocarditis 
Acute Subacute 
C.litiica1 feature5 
Ihrat ion of symptoms Hours to days; usually adniitted to hospital Weeks to months 
within 7 days from oixet (median 4 days) 
Primary pathogen, e.g. Staphy/orocc-us nureus, Noii-invasivc pathogen. c.g. viridans 
PAeudovnorias acrq iuosa ,  Streprotomis yuctrmonine weptococci 
\yndrome 
Srvcrc: hectic fever, prostration. ~ p s i s  Mild or modcrate: fcvcr, ndaise,  \wight I n s \  
Necrotic 01- piistular Cot union 
peripheral skin Iecioii, 
Mrtaqtatic infection 111 Comtnon 
orhrr organ\ 
Utic oninion 
Unt o111111011 
L.ihoratory tern 
Anemia Lcaa Col i l l l l o I l  Morr corntiion 
Lcukocvtotrs Common ~ I I C < J l l U i l O i l  
Kdirrd ESR Vdriabk Usunl 
Falsc-positive RF Ur1usual 20-40% 
Negative blood culturec Rarc 3-1 SX," 
* Rate of culture-negative c a w  may be higher if antibiotic therapy has becri given. ESR, erythrocyte sedirnentat~on rate; RF, rheumatoid factor. 
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NO 
3s5 
Investigate for other possible 
diagnoses, including infections 
SUSPECTED INFECTIVE ENDOCARDITIS 
I 
Draw 2 or 3 blood cultures, 5 min 
apart, treat immediately with 
antibiotics; do echo and other 
Syndrome tests; observe progress, and 
consider alternative diagnoses 
Acute 
YES, or 0Endocarditis CANNOT 
CLINICAL 
ASSESSMENT 
Draw 3 blood cultures 1 h apart; perform echo and 
other tests; withhold antibiotic therapy for 24-48 h 
J 
Treat immediately with < Cultures Positive > ~ w  I antibiotics for endocarditis 
J No 
Evaluate for culture-negative 
endocarditis; draw 2 further blood 
observe progress, and consider 
alternative diagnoses 
YES 
Observe progress, consider alternative diagnoses 
Figure 1 Approach to hagnosis and treatment of suspected endocarditis. 
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DEFINITIVE DIAGNOSIS AND THERAPY 
Endocarditis can cause a multitude of symptoms, signs 
and abnormal laboratory tests. While any one of these 
may suggest the diagnosis, most are noii-specific, or in 
theniselves insufficient to make a definite diagnosis. 
Thus endocarditis is essentially a syndromic diagnosis, 
based upon several findings rather than one definitive 
observation or test 131. Various combinations of clinical 
and laboratory findings have been proposed for 
diagnosis of endocarditis, and used to qualify patients 
for inclusion in clinical studies. The most widely used 
among these diagnostic schemes, known as the Beth 
Israel criteria, was proposed by von Reyn and 
colleagues in 198 1 [ 11. However, the Beth Israel criteria 
are of limited value today because they pre-dated the 
routine application of echocardiography. Moreover, the 
diagnosis of ‘definite’ endocarditis was only accepted by 
the Beth Israel criteria if the patient underwent surgery 
or autopsy [I]. In practice, it seems appropriate to be 
able to inake a definite diagnosis in other circunistances. 
In some cases the clinical manifestations indicate a 
definite diagnosis of endocarditis, but in many other 
cases fall somewhat shoi-t. In this situation, it is 
appropriate to give differential weight to the various 
findings during the process of analyzing a case. The 
best-known example of diagnostic weighting is the 
Jones Criteria for diagnosis of acute rheumatic fever, 
first proposed by T. Duckett Jones in 1944 and recently 
updated. [14]. The Jones Criteria use conibinations of 
‘major’ and ‘minor’ findings to make the diagnosis of 
rheumatic fever. They remain useful today [ 141 because 
there is still no definitive diagnostic test for rheumatic 
fever. The diagnosis of infective endocarditis presents 
similar problems, so it seems appropriate to use a 
parallel approach for this disease. The Duke criteria 131 
define major and nllnor criteria which allow a definite 
diagnosis of infective endocarditis to be made on 
clinical grounds as well as by surgery or autopsy (Tables 
2,3). The Duke criteria have subsequently been vali- 
dated by numerous studies [2,15-201. They perform 
adequately in special subgroups of patients: drug addicts 
with right-sided endocarditis, children, and patients 
with prosthetic valve infections 12,191. They are specific, 
with good negative predictive value for patients who 
do not meet the diagnostic criteria for endocarditis, 
[16,18). Further studies to extend experience in 
application of the Duke criteria to subgroups such as 
infants with congenital heart disease and patients with 
complicated prosthetic valve infections would be useful. 
Major criteria 
Currently, the two most important investigations for 
diagnosis of endocarditis are blood cultures and 
echocardiography Because these outweigh all others in 
importance, they are accorded the status of ‘major 
criteria’. However, in order to have useful predictive 
value for diagnosis of endocarditis, each must be 
carefully defined. Not all positive blood cultures or 
abnormal echocardiographs support the diagnosis. For 
example, a positive blood culture yielding Esclivriclzia 
coli or Mycobacterium aviurn-intracellulare has little predic- 
tive value for endocarditis. Likewise, an echocardio- 
gram showing nodular thickening of the valve margin 
is consistent with endocarditis, but taken in isolation i t  
has low predictive value for that diagnosis. Because 
false-positive echocardiographic findings can occasion- 
ally occur, the diagnosis should not be inade solely on 
the basis of echocardiography [ 1 1,2 1,221. The clinical 
context and prior probability of endocarditis must 
always be taken into account [I 11. 
Blood culture 
Certain bacteria are much more strongly associated 
with endocarditis than others. Table 3 lists these key 
organisms, which constitute one of the major criteria. 
Isolation of one of these species from blood is in itself 
predictive for the diagnosis of endocarditis, with 
moderately high probability. The actual probability 
varies with the species [23-251. For example, the 
finding of Streptoroccris saripis in the blood is inore 
strongly associated with the diagnosis of endocarditis 
than the finding of Streptoroccus milleri (Streptococrus 
anjjnostrs), even though the latter does sonietimes cause 
the disease, certainly more often than enteric Gram- 
negative bacilli. Among the streptococci, bactereinias 
due to organisms of groups A, B and C are seldom 
associated with endocarditis, while group G is somewhat 
more likely to cause endocardial infection [20j, and 
group D is strongly associated with the diagnosis 1241. 
Even for the typical organisms, two isolates are 
required to reach the status of a major criterion. This 
is primarily because the most common bacteria causing 
endocarditis, the viridans streptococci, are of no clinical 
significance in about 50% of all isolations from blood 
[S-71. However, most of the ‘non-significant’ i5olates 
are single positive cultures, while most isolates of two 
or more are clinically significant [5-71. 
Another important feature of positive blood 
cultures in relation to diagnosis of endocarditis is 
‘persistence’. This is a simple concept, but the precise 
definition of persistence is arbitrary and subject to 
debate. Current criteria [3] for persistently positive 
blood cultures are defined in Table 3. 
Echocardiograph y 
At present, this imaging technique moFt often provides 
the critically important evidence of endocardial involve- 
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ment for diagnosis of endocarditis. To be useful as a 
major criterion, a good-quality echocardiograph, inter- 
preted by an expert who can request transesophageal 
imaging when appropriate, must show one or more of 
three carehlly defined findings: (1) an oscillating 
intracardiac mass, on valve or supporting structures, or 
Table 2 Criteria for diagnosis of infective endocarditis [3] 
Definite infective endocarditis 
Pathologic criteria 
Microorganisms: Demonstrated by culture or histology in a vegetation, or in a vegetation that has embolized, or in an intracardiac 
abscess, or 
Pathologic lesions: Vegetations or intracardiac abscess present, confirmed by histology showing active endocarditis. 
Clinical criteria (using specific definitions listed in Table 3)  
2 major criteria, or 
1 major and 3 minor criteria, or 
5 minor criteria 
Possible infective endocarditis 
Findings consistent with infective endocarditis that fall short of dPfinire, but not rejerted 
Rejected 
Firm alternative diagnosis explaining evidence of infective endocarditis, or 
Resolution of endocarditis syndrome, with antibiotic therapy for 4 days or less, or 
No pathologic evidence of infecnve endocarditis at surgery or autopsy, after antibiotic therapy for 4 days or less 
Table 3 Definitions of terminology used in the diagnostic criteria for endocarditis [3] 
Major criteria 
Positive blood culture for infective endocarditis 
Typical microorganism for infective endocarditls from two separate blood cultures: 
Viridans streptococci", Streptococcas bovis, HACEK" group, or 
Community-acquired Staphylococcus aweus or enterococci, in the absence of a primary focus, or 
Persistently positive blood culture, defined as recovery of a microorganism consistent with infective endocarditis from: 
Blood cultures drawn more than 12 h apart, or 
All of three, or majority of four or more separate blood cultures, with first and last drawn at least 1 h apart 
Evidence of endocardial involvement 
Positive echocardiogram for infective endocarditis 
Oscillating intracardiac mass, on valve or supporting structures, or in the path of regurgitant jets, or on implanted material, in the 
Intracardiac abscess or pseudoaneurysm, or 
New partial dehiscence of prosthetic valve, or 
absence of an alternative anatomic explanation, or 
New valvular regurgitation (increase or change in pre-emsting murmur not sufficient) 
Minor criteria 
Predisposition: predisposing heart condition or intravenous drug use 
Fever: 38.0'C (100.4'F) 
Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm 
Immunologic phenomena: glomerulonephritis, Osler nodes, Rorh spots, rheumatold factor 
Echocardiogram: consistent with infective endocarditis but not meetmg major criterion above 
Microbiological evidence: positive blood culture but not meeting major criterion abovec, or serologic evidence of active infection with 
organism consistent with infective endocarditis 
a Including nutrinonal variant strains. 
' Excluding single positive cultures for coagulase-negatlve staphyiococci, and organisms such as mycobacteria that are unlikely to cause 
endocarditis. 
Haemophilus, Artinobacillus, Cardiobacterium, Eikenella, Kingella. 
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in the path ofregurgitantjets, or on implanted material, 
in the absence of an alternative anatomic explanation; 
or (2) intracardiac abscess or pseudoaneurysm; or (3) 
new partial dehiscence of prosthetic valve (Table 3). 
Alternatively, the clinical finding of new valvular 
regurgitation provides strong evidence of endocardia1 
involvement. (Note that increase in loridness or change in 
a pre-existing murinur are riot sufficient as major 
criteria for diagnosis of endocarditis - these changes are 
non-specific.) 
The major echocardiographic criteria are listed in 
Table 3. Many other echocardiographic findings are 
consistent with endocarditis, yet not specific for that 
diagnosis. These should not be ignored, but are given 
less weight by listing then] as minor criteria. Some 
examples of such minor- criteria are non-oscillating 
targets, irregularly thickened valves, a valvular pedor- 
ation, or persisting targets or other abnormalities after 
a previous episode of endocarditis. Transesophageal 
imaging improves the rensitivity. 
Minor criteria 
Many of the diverse inariifestations of endocarditis can 
serve as minor criteria in diagnosis. For example, 
splinter hemorrhages are universally regarded as a 
‘classical’ sign of endocarditis, but in practice their 
predictive value is not high. About 5% of patients 
admitted to hospital for other diagnoses have one or 
more splinter hemorrhages, as do about 8% of patients 
with niitral stenosis. The challenge is to find the 
simplest Combination of relatively common findings 
that will lead to a specific diagnosis. Minor criteria 
which seem to fulfill this requirement are listed in Table 
3 .  Fever is included, even though it is obvious that fever 
has low predictive value for the diagnosis of endo- 
carditis. The reason for thic is that absence of fever 
militates against the diagnosis. If  a patient does not have 
fever, one of the minor criteria is removed, and it is 
correspondingly more difficult to reach a ‘definite’ 
diagnosic. 
Application of diagnostic criteria 
These criteria should be useful for improving the 
accuracy and specificity of the diagnosis of endocarditis 
in various settings [3]: 
I .  
2. 
3. 
4. 
5. 
6. 
L)iagnoses listed on discharge from hospital. 
Epideniiologic studies. 
Death certificates. 
Case series, especially in respect of culture- 
negative cases. 
Clinical trials of treatment and prophylaxis. 
Prognostic studies and survival curves after 
endocarditis. 
Therapeutic decisions 
It is important to emphasize that the diagnostic criteria 
defined above are not primarily intended to guide 
therapy [3].  Certainly, patients with ‘definite’ endo- 
carditis by the Duke criteria should be treated, but the 
’possible’ category carries n o  clear implication that 
therapy should not be given. Some ‘possible’ cases will 
have a fairly high likelihood for having endocarditis 
(‘probable’ cases) and phould be treated, while others 
are low-likelihood cases, in whom antibiotic treatment 
should be withheld, deferred, or regarded as optional. 
While the Duke criteria may assist in analyzing such a 
case, the choice of antibiotic therapy versus observation 
without treatnient should be made according to the 
clinical judgment of the managing physicians. 
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